We used amplitude modulation of cutaneous reflexes during leg cycling as a paradigm to investigate neural control mechanisms regulating forward (FWD) and backward (BWD) rhythmic limb movement. Our prediction was a simple reversal of reflex modulation during BWD leg cycling and context-dependent reflex modulation. Cutaneous reflexes were evoked by electrical stimulation delivered to the superficial peroneal (SP) and distal tibial (TIB) nerves at the ankle. EMG recordings were collected from muscles acting at the hip, knee, and ankle. Kinematic data were also collected at these joints. Cutaneous reflexes were analyzed according to the phase of movement in which they were evoked. When functional phases (i.e., flexion or extension) of cycling were matched between FWD and BWD, background EMG and reflex modulation patterns were generally similar. The reflex patterns when compared at similar functional phases presented as a simple reversal suggesting FWD and BWD cycling are regulated by similar neural mechanisms. The general reflex regulation of limb trajectory was maintained between cycling directions in accordance with the task requirements of the movement direction.
There is conservation of neuronal circuitry for rhythmic motor pattern generation across the animal kingdom. The modulation of reflex amplitudes during movement has been used as a probe of neural activity in human studies. Leg cycling has been extensively used as a paradigm for understanding the neural control of walking (see review in Brooke et al., 1997) . Mileva et al. showed neuromechanical effects of cutaneous sural nerve stimulation during leg cycling (Mileva et al., 2004) that was similar to those observed during walking (Zehr et al., 1998b) . Both Brooke et al. (Brooke et al., 1999) and Brown and Kukulka (Brown & Kukulka, 1993) suggested a strong role for central neural output in regulating and coordinated cutaneous reflex amplitude during leg cycling. Similar neural and biomechanical constraints have been found to be operational in cycling
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original research and walking (Ting et al., 1998a; Ting et al., 1998b; Ting et al., 1999; Brooke et al., 1999; Ting et al., 2000) .
During rhythmic motor activities the same neuronal mechanisms (i.e., central pattern generator (CPG) for locomotion) regulating activity in a "forward" direction may be active "in reverse" during backward locomotion (Grillner, 1981; Pearson, 1993) .When considering backward leg cycling contrasted with forward, Ting and colleagues suggested an interplay between neural output to produce rhythmic motor activity and the biomechanical constraints of the task (Ting et al., 1999) . This leads to a prediction of a simple reversal in the pattern of reflex modulation between forward and backward cycling when phases of the movement cycle are matched. Indeed, reflex amplitudes are modulated similarly at identical planar coordinates for the hands in the movement space during forward and backward arm cycling (Zehr & Hundza, 2005) suggesting similar neural regulation of the movement in both directions of movement.
In an elegant series of experiments in the cat, Buford and colleagues investigated the neural control of locomotion during forward and backward walking (Buford & Smith, 1990; Perell et al., 1993) . Notably, these experiments examined the patterns of responses in muscle activity and joint movements to perturbations with mechanical taps or electrical stimulation of the cutaneous nerves innervating the top (superficial peroneal, SP) and bottom (tibial, TIB) of the paw during forward and backward locomotion in the cat. The phase of the step cycle in which the responses were evoked was the primary determinant of reflex output. Thus, for opposing movement directions, a reversal in the neural regulation of locomotion and associated processing of sensory feedback was suggested. In addition, reflexes have been shown to have a functional role which is both specific to the nerve stimulated, the task performed and the position in the movement cycle Zehr & Stein, 1999) . For example cutaneous reflexes act to alter swing limb trajectory to avoid stumbling and falling during walking and are specific to the skin field activated as well as the phase of movement (for review see Zehr & Stein 1999) . The regulation of cutaneous reflex amplitude during forward and backward human locomotion was explicitly addressed by Duysens and colleagues (Duysens et al., 1996) . They determined that cutaneous reflex modulation across the stance and swing phases in both directions of walking could be explained by a time reversal of CPG output with similarities to the pattern seen during forward and backward walking in the cat . However, specifically comparing reflex modulation during backward and forward walking in humans was more difficult than in the quadrupedal cat. This was largely due to the kinematic differences in humans observed between the directions, namely at the ankle. For example, stance phase while walking forward begins with heel contact and a dorsiflexed ankle whereas during backward walking the ankle is plantarflexed and the forefoot contacts the ground. It is for this reason that we have chosen to exploit the utility of the cycling paradigm which allows for the careful control of variables such as ankle position that are different between forward and backward walking.
As a logical progression of previous walking and arm cycling research which proposed a similar neural control of movement in the forward and backward direction, we proposed to explore the neural circuitry regulating forward and backward leg cycling by evaluating reflex modulation patterns. We hypothesized that a simple reversal in neural control between forward and backward leg cycling would be revealed as a maintenance of the "location specificity" of cutaneous reflexes. That is, reflex output during forward and backward motion would be related to the functional role of the inputs from the skinfields on the top and bottom of the foot (Zehr et al., 1997; Van Wezel et al., 1997) and the modulation pattern of cutaneous reflexes would be specific to both the direction of cycling, the phase in the cycle path, and the anatomical location of the receptive field stimulated. In this paper, this combination of nerve, task and phase is referred to as context-dependent reflex control.
Methods

Subjects
Nine subjects (ages 22-43 years; 5 females and 4 males) participated with informed, written consent in a protocol approved by the Human Research Ethics Board at the University of Victoria. All subjects were free of neurological or metabolic impairment.
Protocol
Subjects performed static (stationary) and movement trials for each nerve condition (SP and Tib) after familiarization with the equipment. For all trials subjects were seated on an arm and leg cycle ergometer (SciFit Pro II, SCIFIT Systems, Tulsa OK) with coupled leg cranks. The arm cycling cranks were removed.
Static. Data were obtained in 4 static positions of a clock face with 1) right leg at 12 o'clock, left leg at 6 o'clock; 2) right leg at 3 o'clock, left leg at 9 o'clock; 3) right leg at 6 o'clock, left leg at 12 o'clock; 4) right leg at 9 o'clock, left leg at 3 o'clock) to determine if the nerve stimulation intensity (see below) was adequate to elicit a reflex as measured by electromyographic (EMG) recordings in leg muscles. In addition, range of motion data were obtained in these positions for goniometer calibration. 
Nerve Stimulation
Cutaneous reflexes were evoked with trains (5  1.0 ms pulses at 300 Hz) of isolated constant current stimulation applied pseudorandomly (1-3 s apart) across the movement phases using a Grass S88 stimulator with SIU5 and CCU1 isolation and constant current units (AstroMed-Grass Inc.) until 160 stimulations had been delivered. This procedure allowed for a distribution of stimuli such that at least 10 were found in each phase of the movement cycle. Cycles without nerve stimulation (control) were interspersed between those with stimulation. In separate trials, stimulation was applied to the SP or to the TIB nerves. The electrodes stimulating the SP nerve were placed on the anterior surface of the leg just near the crease of the ankle joint, whereas the tibial nerve was stimulated on the medial surface of the ankle posterior to the medial malleolus using flexible 1 cm UNI-GEL single use electrodes (Thought Technologies Ltd.). Stimulation intensity was set as a multiple of the threshold at which a clear radiating paresthesia (radiating threshold, RT) into the innervation area of each nerve was reported. That is, into the plantar and dorsal portions of the foot for TIB and SP nerves, respectively. Stimulation intensities were set independently for each nerve to evoke a strong cutaneous sensation and measurable reflex responses which were not deemed painful by the subjects. This level ranged across subjects from 1.75 to 3  RT but was typically set at ~2 x RT as in previous work (Zehr et al., 2001; Zehr et al., 2007) . Participants' reports of perceived stimulus intensity were equivalent at 3, 6, 9, 12 o'clock positions across the movement cycle.
Electromyography (EMG)
Once the skin was cleansed with alcohol, disposable 1 cm surface EMG electrodes (Thought Technologies Ltd.) were applied in a bipolar configuration using a 2 cm interelectrode distance, longitudinally over the belly of 8 muscles (4 ipsilateral (i) and 4 contralateral (c) to the site of stimulation). The muscles were: vastus lateralis (VL), biceps femoris (BF), tibialis anterior (TA) and medial gastrocnemius (MG). Ground electrodes were placed over electrically neutral tissue on the patella or tibial plateau. EMG data were amplified 5000-10000  and bandpass filtered at 100-300 Hz (P511 Grass Instruments, AstroMed, Inc.)(see also (Zehr et al., 1997; Zehr et al., 2001 ).
Kinematics and Cycle Detection
Movement and stimulus-evoked changes in range of motion at the hip (n = 9), knee (n = 9), and ankle joints (n = 7) were recorded using biaxial goniometers (Biometrics Ltd., Cwemfellinfach, Gwent, UK), ipsilateral to site of stimulation. Goniometers were placed laterally over the fulcrums of the hip, knee, and ankle joints to determine the flexion and extension movement component of the joint. They were calibrated using data obtained during static trials.
Data Acquisition and Analysis
EMG Data. Data were sampled at 1000 Hz with a 12 bit A/D converter connected to a microcomputer running custom-written (Dr. Timothy Carroll, University of New South Wales, Australia) LabView software (National Instruments, Austin, TX). Offline, custom-written software programs (Matlab, The Mathworks, Natick, MA) were used to separate the movement cycle into twelve equal parts or phases that represent positions on the clock face. During the offline analysis, EMG signals were full-wave rectified before averaging. At each phase of movement, the average trace from the nonstimulated cycles was subtracted from the corresponding stimulated average trace to produce a subtracted EMG "reflex" trace for each subject. The stimulus artifact was removed from this subtracted reflex trace which was then filtered at 40 Hz using a dual-pass 4th order Butterworth low-pass filter.
Cutaneous reflexes were examined at middle (~80-120 ms to peak) latencies. Reflexes for a given muscle were only analyzed if at least one response exceeded a 2-SD band (centered about the mean prestimulus EMG level) for any task. Reflex amplitude was calculated as an average value from a 10 ms time window centered about the peak for each response..
To specifically contrast between movement directions (i.e., TASK) for each muscle the bEMG and reflex average amplitudes were expressed as percentages of peak control bEMG recorded during FWD leg cycling within each nerve condition. Since no significant differences between bEMG amplitudes during FWD SP and FWD TIB were observed, this normalization procedure was maintained when contrasting results between the nerve conditions (i.e., NERVE).
Kinematic Data. At each phase of movement, kinematic data were gathered in nonstimulated and stimulated cycles. Joint angles (i.e., range of motion) and stimulus-evoked changes in joint angle were calculated over a latency of 120-200ms post stimulus (see Zehr et al., 1998a; Haridas & Zehr, 2003) ) using custom written software programs (Matlab, The Mathworks, Natick, MA). Stimulus-evoked changes in joint angle for each subject were calculated by subtracting the stimulated cycle average traces from the corresponding nonstimulated cycle average traces. These values were normalized to the maximum range of motion found for each subject during the gait cycle
Data Analysis
To best compare FWD and BWD leg cycling, the kinematic, EMG and reflex amplitude data were matched based upon the functional phase of movement. That is, data were aligned according to when the limb was in flexion or extension in both FWD and BWD cycling. This procedure matched knee kinematics as well the functional task. Positions of the limbs for each task are relative to the biomechanical movement of the whole leg (adapting the terminology of (Ting et al., 1998a; Ting et al., 2000) . We use whole limb flexion and extension of the leg in the strictest anatomical terms, meaning movement of the foot toward and away from the body, respectively. A schematic of the phases of the movements (i.e., position relative to the clock face) for both tasks and functional phase is shown in Figure 1 . The numbers inside the circle represent the phases of movement for the ipsilateral foot in the FWD direction (relative to a clock face), while the arrows indicate the movement direction and functional phase (flexion or extension). The inset in Figure 1 shows the corresponding phases of movement between the FWD and BWD directions starting at the beginning of the extension phase and moving through one cycle. Thus the clock positions listed in the table are aligned to match the extension and flexion phases regardless of the direction of movement such that mid flexion is matched at phase 6 of FWD and phase 1 of BWD.
Statistics
In all cases, analyses were performed using the averaged normalized values for each subject from each phase of the movement cycle. A 3-way repeated-measures analysis of variance (RM ANOVA; 3-way-2  2 x 12) was used to determine main and interactions effects for task (i.e., FWD vs. BWD), nerve (i.e., SP vs. TIB), and phase of movement (i.e., position 1 through 12) for the background EMG level (bEMG) and cutaneous reflex amplitudes for each of the 8 muscles. In addition, for each joint studied a 3-way RM ANOVAs was also conducted for joint range of motion, and in stimulus-induced kinematic changes for task, phase and nerve. Tukey's HSD test was used in post hoc testing of significant interactions. In addition, to determine significant differences for context-dependence, nerve and task, planned comparisons were performed in the flexor muscles during midlimb flexion and extensor muscles during midlimb extension (i.e., planned comparisons were conducted on interactions for Task x Phase x Nerve) (Sheskin, 2004) . For all movement tasks, linear regression analysis using Pearson's correlation (r) was conducted between reflex amplitudes and background control EMG for each muscle at each phase. Descriptive statistics included means ± SEM (SEM), and statistical significance was set at p < .05. Figure 1 shows the corresponding phases of movement between the opposite FWD and BWD directions starting at extension phase and moving through one cycle.
Results
Significant main effects for task, nerve and phase from the analysis of bEMG, reflex and kinematic data are indicated by the words PHASE, TASK, or NERVE on graph panels in Figures 2 and 4 . The four main categories of interactions include Task x Nerve, Task x Phase, Nerve x Phase and Task x Nerve x Phase as denoted by the 4 major columns in Table 1 . Significant interactions from the RM ANOVA's are not displayed, however Table 1 displays results of significant post hoc tests performed only when significant interactions were found.
Background EMG (bEMG)
For all muscles the bEMG amplitude was significantly (p < .05) modulated across all phases of the leg cycling (main effect indicated by PHASE on all panels on Figure 2 ). The pattern of EMG activity (i.e., amplitude relative to the phase of movement) between FWD and BWD cycling was generally similar for most muscles (see the bar (FWD) and line (BWD) plots in Figure 2 ). However, bEMG during BWD cycling was often higher than during FWD. In particular this can be seen by contrasting FWD and BWD for iVL and iBF muscles on Figure 2 (main effect indicated by TASK; p = .015 and p = .032, respectively). In addition, the pattern of EMG activity between control conditions (bEMG) for each nerve was generally similar for most muscles, with the exception of cVL (main effect indicated by NERVE on Figure 2 ; p = .040). Results from post hoc tests conducted on significant interactions between/among TASK, NERVE, and PHASE are indicated in Table 1 by an '*' symbol or a bold nonitalicized number representing the phase of movement.
Reflex Modulation
Shown in Figure 3 are average reflex traces from iTA for a single subject. The numbers shown to the left of Figure 3 indicate the position of the ipsilateral leg in the FWD direction, while the vertical traces to the right of each reflex plot represents the background EMG during each phase of movement for each condition (plotted on similar scales). Note the similarities in reflex amplitudes and modulation patterns across the movement between FWD (left panel) and BWD (right panel) cycling within SP (top panel) and TIB (bottom panel) nerves. Note that the pattern of reflex modulation is specific to the nerve stimulated.
This general observation can be seen in the data averaged across all subjects for both tasks across the entire movement cycle in all muscles and plotted in Figure 4 . Thus in the majority of the muscles facilitatory or suppressive reflexes were seen at comparable phases in either FWD or BWD cycling (within each nerve studied) and had similar amplitudes and sign. The cVL was the only muscle that showed a main effect for task (see TASK in Figure 4 ; p < .019). The cMG muscle also showed a dependence on task as indicated by the # symbol (see post hoc results for Task x Nerve interaction in Table 1 ). A main effect for Nerve was seen in reflex responses for cBF, iTA, iMG (see NERVE in Figure 4 ; p = .032, 0.012, 0.008 respectively) and for Phase in iTA and iMG (PHASE in Figure 4 ; p = .008, 0.0001 respectively). Ankle (FL/ EX)
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Note. Asterisks (*) and number signs (#) denote results from post hoc testing of significant interactions (p < .05) for bEMG and middle latency reflexes respectively. The numbers represent the phase of movement (o'clock for ipsilateral leg in FWD) where post hoc of significant interactions were found for bEMG or undisturbed ROM (bold text) and middle latency reflex amplitudes or stimulus-induced changes in kinematics (italic text). A "ns" represents a significant interaction, but no significant post hoc. Tables 1 and 2 for details. Abbreviations are as in Figure 2 . Encircled sections for iTA, iBF, and iMG indicate the phases and conditions expanded upon in Figure 5 .
Relationship Between bEMG and Reflex Amplitudes
Pearson correlations were performed to examine the extent to which reflex amplitudes were coupled to bEMG levels. Our analysis of Pearson correlation between reflex and bEMG amplitudes conducted on 32 comparisons (see Table 2 ) all of which yielded nonsignificant relationships. Thus during both FWD and BWD leg cycling, reflex amplitudes were uncoupled from ongoing rhythmic muscle activity. However, when considering this interpretation, it should be noted that suppression can only be seen using rectified EMG when there is a sufficient background activity (see discussion in Hundza & Zehr, 2006) .
Kinematic Effects
The range of motion at the hip, knee, and ankle for nonstimulated cycles are shown at the bottom of Figure 2 . Aligning the data according to the functional flexion and extension phases resulted in matched knee kinematics that were not significantly different between FWD and BWD movement Subtracted stimulusinduced changes in kinematics are plotted at the bottom of Figure 4 . Changes in ankle kinematics were different dependent on the nerve (i.e., a main effect for NERVE; p = .020) (see Figure 4 ; NERVE) and on the phase of movement (main effect for PHASE; p = .0001) (see Figure 4 ; PHASE).
Context-Dependent Responses During Flexion
Context-dependent responses of interest for middle latency reflex amplitudes are indicated by the ovals for iBF and iTA on Figure 4 and are replotted in the top panel of Figure 5 . Results from planned comparisons performed on Task x Phase x Nerve interaction in iTA and iBF (flexor muscles) during limb flexion (equivalent to 7 o'clock in the FWD direction and to early swing during walking, (Balter Note. The critical r values for 2-tail comparisons (p < .05) were .683 (n = 9), 0.738 (n = 8), 0.786 (n = 7), and 0.886 (n = 6). Zehr et al., 2007) ) are indicated on Figure 5 . The context of the nerve stimulation and movement direction were clearly seen in iTA muscle. That is, data for TIB nerve stimulation during forward leg cycling were significantly different from those with SP nerve stimulation during backward cycling; (see CONTEXT, Figure 5 ; p = .004). As the foot moved through midflexion in the FWD direction TIB stimulation caused iTA facilitation, while during midflexion during BWD cycling SP stimulation resulted in iTA suppression. In addition, within a movement direction specificity of nerve stimulation could be seen. During midflexion in FWD cycling responses in iTA were suppressive to SP stimulation and facilitatory following TIB stimulation (see NERVE Figure 5 ; p = .014). These context effects were also seen in iBF during mid flexion. Forward SP reflexes were facilitatory while during backward cycling TIB nerve responses were suppressive (see CONTEXT Figure 5 ; p = .04). Both iTA and iBF muscles also showed a significant relative reflex suppression during BWD compared with FWD cycling with TIB stimulation (indicated by TASK of Figure 5 ), while no such task specificity was observed following SP stimulation.
Context-Dependent Responses During Extension
Context-dependent responses of interest for middle latency reflex amplitudes are indicated by the ovals for iMG on Figure 4 and are replotted in the top panel of Figure 5 . Results from planned comparisons performed on Task x Phase x Nerve interaction in iMG (extensor muscle) during limb extension (~1 o'clock in the FWD direction and roughly equivalent to stance phase during walking Zehr et al., 2007) are indicated on Figure 5 . Middle latency reflexes in iMG for both FWD-SP and BWD-TIB were suppressive. However, reflexes amplitudes were reduced during BWD cycling compared with FWD cycling (resulting in a significant difference for context; see CONTEXT on Figure 5 ; p = .019). This difference in context was also seen between BWD-SP and FWD-TIB for iMG muscle (see CONTEXT on Figure 5 ; p = .0003). When TIB stimulation was applied reflex amplitudes in iMG were different (p = .008) between FWD and BWD cycling (see TASK on Figure 5 ). In iMG facilitation was found during FWD and suppression during BWD cycling.
Discussion
There are two main novel observations from this paper. The first is that background EMG and cutaneous reflex modulation patterns presented as a functional reversal suggesting central activity producing the same but temporally inverted pattern during backward leg cycling movement. Second, the expression of reflex amplitude depended upon whether the response would be functionally useful to maintain the foot motion and this is simultaneously dependent upon the direction of cycling and the nerve stimulated.
Background EMG Is Temporally Reversed but of Higher Amplitude When Cycling Backward
Across a variety of paradigms involving FWD and BWD walking, leg cycling, and arm cycling, EMG amplitudes are of similar pattern in both directions of movement. However, the amplitudes are typically higher during backward movement compared with forward movement (Thorstensson, 1986; Duysens et al., 1996; Grasso et al., 1998; Schindler-Ivens et al., 2004; Zehr & Hundza, 2005) . The observations here are similar in that the pattern of bEMG modulation is similar for FWD and BWD leg cycling (Figure 2 ) in all muscles with EMG typically higher in BWD cycling.
Further, the separation between the modulation of the background EMG and cutaneous reflex amplitudes (as shown in Table 2 ) was observed regardless of the muscle studied, cutaneous nerve stimulated, or movement direction. This has previously been described during rhythmic locomotor movements of the arms or legs (Van Wezel et al., 1997; Haridas & Zehr, 2003) . Instead of being coupled with the locomotor EMG, the reflex amplitude is related to the phase of the movement cycle during which the reflex is evoked ("phase-dependent modulation," see Brooke et al., 1997) . This modulation of reflex amplitude (including reversal of sign) suggests the premotoneuronal gating of afferent inputs to motoneurons by the activity of neural circuits which are active during rhythmic movement (Duysens and Tax, 1994; Komiyama et al., 2000) . As such these observations are suggestive of CPG-like output active during forward and backward leg cycling just as has been demonstrated for other rhythmic human locomotor tasks (Sakamoto et al., 2006; Zehr et al., 2007) .
Functional Pattern Reversal Between Backward and Forward Leg Cycling
Reflex modulation during leg cycling seen in previous studies has been suggested to share many characteristics with walking and should be considered generally similar motor outputs for CPG-like mechanisms (Brown & Kukulka, 1993; Brooke et al., 1999; . It is therefore unsurprising that the pattern reversal in both leg cycling and walking is linked to the functional phase of the movement. In walking it has been suggested that CPG output reflects control of the position of the foot in space (i.e., the environmental interface for locomotion) as a global kinematic variable (Lacquaniti et al., 1999; Ivanenko et al., 2003) . Thus, during walking CPGs regulate limb segment movements based upon a net integration of the segmental elevation angles of hip, knee, and ankle (see also Zehr et al., 2007) . Hip position plays a key role in determining the kinematic position of the foot as well as initiating functional phase transitions during walking. Therefore it follows that pattern reversal seen in FWD and BWD walking includes similar hip kinematics (Thorstensson, 1986) . In the recumbent leg cycling paradigm such as used here, the center of body mass (or the pelvis) is stationary and, though the relation between the foot and the pelvis is still the global control variable, it is now restricted to the net movement of the limb in the sagittal plane. As such, knee excursion plays the key role in achieving this endpoint movement. Interestingly, when functional phases (i.e., flexion and extension) were matched between forward and backward leg cycling, the knee kinematics were also aligned. Given that in recumbent leg cycling the knee is the primary joint in determining the position of the foot it reasons that its range of motion would be aligned between FWD and BWD cycling contributing to the matched reflex modulation patterns . Interestingly, quite recently using a locomotor adaptation paradigm Choi & Bastian (Choi & Bastian, 2007) argue for separate neural representations for forward and backward walking. While it is difficult to directly integrate their approach with ours, it may be that Choi & Bastian's locomotor adaptation paradigm (involving "motor learning") encompasses a much higher order processing which may be more direction-specific. Whereas our current paradigm emphasizes the down stream spinal contributions which may be less amenable to this effect.
Similar to the current results, reflex modulation during forward and backward arm cycling also suggest the regulatory contributions from spinal pattern generat-ing networks (Zehr & Hundza 2005) . However in arm cycling a simple planar reversal of kinematics, EMG and reflex amplitudes was seen (Zehr & Hundza, 2005) . That is, in arm cycling a simple reversal was anchored literally to the same hand position in 3-dimensional space. This is in contrast to current results where the reversal of kinematics, EMG and reflex amplitudes was anchored to functional phase of movement (i.e., flexion vs extension).
Nerve, Task and Context Effects Are Determined by Reflex Function
During the limb flexion phase of leg cycling, which corresponds to the swing phase of walking, the flexor muscle BF and TA showed 2 relevant features (highlighted on Figure 5 ). During leg cycling, in contrast to walking, the foot is moving posteriorly toward the pelvis in the flexion phase in both FWD and BWD cycling. Similar to walking in both the cat and humans, the reflexes here are functionally relevant to allow for continued movement specific to this cycling path Zehr & Stein, 1999) . That is, the reflex amplitudes were related to the forward or backward cycling direction (task specificity) and the anatomic location of the cutaneous receptive field (nerve specificity) creating context specific responses. For example, in TA the reflex response significantly differed for context between FWD-TIB and BWD-SP (see Figure 5 ). During mid flexion of FWD cycling TA facilitation was seen with activation of the tibial nerve allowing ankle dorsiflexion and leg movement to continue on a trajectory bringing the foot closer to the pelvis. During midflexion in BWD cycling SP stimulation resulted in TA suppression allowing plantarflexion. This would move the dorsum of the foot away from a simulated obstacle and again allow the foot trajectory to continue. This situation depicts well the concept of context-specificity which can also be seen in BF during midflexion. This context specificity mirrors results from the cat where mechanical taps to the dorsum of the foot during forward walking produced BF facilitation and TA suppression while tap to the sole of the foot during backward walking produced BF inhibition and TA facilitation . As is the case with locomotion in cats and humans the reflexes here are functionally useful for the specific locomotor context. When flexion and extension phases during cycling are compared with swing and stance phase of walking respectively, similarities can be seen in the pattern of reflex modulation (Zehr et al., 1997; Van Wezel et al., 1997) . During flexion in FWD leg cycling, SP stimulation (contrasted with TIB stimulation) resulted in TA suppression and BF facilitation similar to patterns seen in walking during swing. As well, TIB stimulation (contrasted to SP) during flexion in FWD leg cycling produced facilitation in TA and BF just as in swing during walking. In addition, during the extension phase of FWD leg cycling SP stimulation produced a suppression of MG relative to TIB stimulation. This is also similar to reflex patterns seen during walking where SP stimulation suppresses MG activity during the stance phase.
Results from SP and TIB conditions can be interpreted in the context of functional roles that these nerves play in the regulation of limb trajectory (for review see Zehr & Stein, 1999) . For example, in the swing phase during forward locomotion in both the human and the cat, SP reflexes (either evoked with electrical stimulation or by mechanical contact on the foot dorsum) serve to produce a "stumble corrective response". In the cat, this correction involves increased plantarflexion and knee flexion in conjunction with truncated hip flexion so that the perturbed limb is in effect lifted over and past an obstacle (Forssberg et al., 1977; Forssberg, 1979; . In the human, dorsiflexion is reduced and knee flexion increased but the response at the hip is absent (Zehr et al., 1997; Van Wezel et al., 1997) . However, the functional outcome remains the same in that the perturbed limb moves past the obstacle without impeding whole leg movement. The TIB stimulation essentially evokes the opposite response during swing such that a "placing" reaction is seen to facilitate weight transfer and support at end swing in preparation for stance onset (Duysens, 1977a; Duysens, 1977b) . This is generally similar in both the cat and the human. Considered within this type of functional framework, the specific neuromechanical role for reflexes during backward locomotion can be understood to subserve the maintenance of limb trajectory (Lacquaniti et al., 1999; Zehr et al., 2007) In summary, the results presented here are consistent with the operation of neural pattern generating circuits regulating both forward and backward leg motion. The specific expression of CPG output reflects both reversal of motor output as well as context-dependent reflex responses dependent upon direction of motion and the anatomic location of the receptive field activated. Overall the data support the general concept of a flexible regulation of CPG-like elements to produce a wide variety of functional modulated rhythmic motor patterns (Zehr & Hundza, 2005; Zehr et al., 2007) . The demonstration that reflex modulation is context-dependent like that seen during walking further corroborates the suggestions of Brown and Kukulka (Brown & Kukulka, 1993) and Brooke et al. (Brooke et al., 1999) that the neural control of leg cycling is similar to that of walking.
